Simulations offer the potential of improving product and development process quality. However, a lack of overview of existing simulation methods and of documentation may make it difficult to apply them efficiently along the entire development process. To tackle this problem, a knowledge-based framework was developed to enhance simulation knowledge management, give an overview over all possible simulations, and provide means to standardize simulation processes for experts. This paper presents the first industrial evaluation of the framework concept by two workshops. The results exhibit a wide interest in the knowledge-based framework in industry and demonstrate aspects for further industrial application. Critical points particularly include an intuitive user interface and the integration into the specific IT environment of a company, which will be the next steps for evaluating the system in industrial conditions.
Introduction and State of the Art and Research
Simulations play an increasingly important role in the design of technical systems. They open up the chance of improving products, as well as the procedures by which products are designed, and deal with the complexity of engineered systems (Karlberg, Löfstrand, Sandberg, & Lundin, 2013; Koziel, 2010) . Consequently, these improvements may lead to higher quality standards and a simultaneous reduction in costs. Applications of simulation methods in the design process are vital and include parametric optimization to evaluate different design variants (Sobester & Forrester, 2015) and the quantification of uncertainties (Allaire & Willcox, 2014) , just to name a few. (Koziel & Leifsson, 2016) Despite their rising application in product development processes, however, simulations are yet far from being optimally used along the entire development process (Pavasson et al., 2014; Novak et al., 2012) . This is often due to a lack of overview of available simulation methods. Currently, knowledge-based simulation solutions primarily exist in the context of specific assistance functions, like the one presented in Bernst, Kaufmann and Frochte (2016) , but do not support a general procedure, applicable along the entire development process.
Additionally, people that are inexperienced with simulation methods, such as design engineers, may not have the proper knowledge to apply simulation methods correctly.
This leads to the research question: "How must an assistance system be designed to support knowledge management in the context of mechanical simulations?"
To answer this question, a toolkit of methods within a holistic knowledge framework has been proposed to achieve a better overview as well as a more standardized procedure for simulations along the product development process (Carro Saavedra, Schrieverhoff & Lindemann, 2014) . The evaluation of the framework concept is now the topic of this paper.
The framework was filled with the concepts and methods developed within the FORPRO² project. The project FORPRO², which was initiated in the end of 2013 and lasted till the beginning of 2017, had the goal of conducting research on means of increasing the efficiency of both product development and manufacturing process development. It consisted of ten subprojects from university, with a research focus divided into three areas: knowledge management, product simulation, and manufacturing process simulation. The developed framework of this paper was part of the knowledge management research group. Alongside the academic research partners, the project also included more than 25 industrial partners that ranged from small over medium to large companies. While the research areas on product and process simulation developed novel concepts for knowledge-based simulation support, the subprojects on knowledge management were intended to tackle knowledge-based applications in the development process with the goal of better integrating simulations in the design process (see Figure 1) .
Figure 1 Division of the FORPRO² project into three research areas with three to four subprojects each. source: Carro Saavedra et al., 2014
The procedure to fill the toolkit with the methods from FORPRO² is presented in Carro . The procedure can also be applied to gather and structure the knowledge from different departments, in order to come up with an individual framework for the content of the company . Consequently, the next step after presenting the toolkit concept and its development in the aforementioned papers was to evaluate the prototypic toolkit in an industrial environment. This paper therefore presents and evaluates the results of two industrial workshops. After a brief review of the framework concept, the following sections explain the workshops and evaluation methodology. Finally, the results and impressions from the workshops are gathered and compared to draw conclusions about the evaluation and propose directions of further research and improvements of the framework concept.
Framework Concept
This section briefly explains the structure and the idea behind the framework. Subsequently, a closer look will be taken at the specific contents of the toolkit.
Components of the Framework
In order for the framework to lead to an enhanced structuring, higher transparency, and better integration of various simulation techniques into the development process and thereby support the design of technical products, the framework is divided into three main components: the user interface (UI), the main part of the toolkit of methods itself (TKM), and the knowledge base (KB).
The user interface aims at providing a starting point for the user to find proper simulation methods and apply them correctly. Therefore, it contains all possible goals or development situations the user might encounter and that are addressed by respective methods in the toolkit. Furthermore, it lists the necessary steps in order to reach these goals and to help the user identify the right method for his or her current development task.
Building up on the workflow of the UI, the toolkit of methods supplies concrete methods that can be applied in order to fulfill the goals of the current procedural step. To provide the necessary flexibility to the user, the toolkit is subdivided into three different levels: the general level (G), the application-specific level (AS), and the project-specific level (PS, see Figure 2 ). On the general level, generic information about the method (e.g. finite element simulation) and its pros (e.g. possibility to capture local effects) and cons (e.g. time-consuming) are provided. On the application-specific level, this basic information is concretized towards a certain application (e.g. finite element simulation for deep drawing). Lastly, on the project-specific level, the information from the application-specific level is further concretized towards a certain project, in which the respective method has already been utilized (e.g. finite element simulation for deep drawing of a door covering). Each of the different levels in turn contains various fields that capture aspects like objectives, pros and cons, and hints for the application of the method on that specific level and structure its information .
The user is meant to first look on the general level to see if a suitable method has already been incorporated into the toolkit. If that is not the case, the user may be the first one applying this method in his or her company or the method has not yet been documented. If the method has been documented though, the user is then supposed to check if he or she finds his or her application for this method on the application-specific level. If no suitable applications are found, the user uses the information and files provided on the general level (see path 1 in Figure 2 ). In order to use the files provided in the knowledge base, the user will need to adapt the general file templates as well as the procedures for his or her specific application. Thereby, the user is left with less work than coming up with the file from scratch. Furthermore, the process is less prone to error, since more general files and methods are provided that are then concretized, rather than using specific knowledge from one project and trying to transfer it to yet another project that might have completely different boundary conditions. In case the user finds an equivalent application, he or she is supposed to check the project-specific level and see if even an equivalent project is documented there. If no
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Step 2 G   AS   PS   1  2   3 projects are found, he or she can use the information and files from the applicationspecific level and adapt them according to the specific project (path 2 in Figure 2 ). In case an equivalent project is found, he or she may directly use the information and files from the project-specific level (see path 3 in Figure 2 ).
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If the paths 1 or 2 are taken, the user may fill the more specific levels, after he or she is done performing the simulation. This part of the workflow is not depicted in Figure 2 due to simplicity. Consequently, the next user that encounters a similar or equivalent situation can start from one of the specific levels and build on the knowledge provided by colleagues. Overall, this division helps towards standardizing simulation processes and make them applicable to a larger amount of development situations instead of merely providing the project-specific information.
Specific Content of the Toolkit of Methods
At the point of time of this submission, the framework had only been realized in tables where the mere information is gathered, structured, and visualized. This current status represents a preparation for the implementation in an actual software prototype.
The toolkit contains all developed simulation modules and methods for simulation management from the FORPRO² project. Each one tackles a specific objective along the development process and provides actions to assist and improve the usage of simulation knowledge. Table 1 shows the contents of the user interface. In addition to the description and the objective of the method, each point in the user interface includes a number of steps. Each of these steps may refer to various methods in the toolkit of methods, as depicted in Figure 2 -Step 2. In the last column of Table 1 publications with regard to the described methods are documented. This is only an exemplary filling of the toolkit and by no means complete. It rather serves as a central element for gathering and documenting the developed methods within the research project and for a first concept evaluation in an industrial environment.
Evaluation Plan and Methodology
In order to assess the prototypic framework, workshops in two major German companies were performed. They were intended to transmit the basic ideas of the framework usage and toolkit content, have the participants apply the concepts on their own and finally discuss and document their experiences by means of a questionnaire. In the following, the procedure of the workshops, as well as the questionnaire used for evaluation are presented.
Workshop Settings
The two companies for the workshops were selected because of their involvement in the design of the framework from the beginning. Furthermore, due to their size they had the potential to integrate such a system into their IT infrastructure. Both workshops had a duration of three hours. Workshop A was held at the research institute while workshop B was conducted at the company.
The performed workshops both focused on finding out if employees accept the concept of the framework and if the concept is understandable. Additionally, the evaluation was also intended to get further stimulations and find improvement potential for a final realization.
In order to include a combination of people with various backgrounds, people from design, from process management as well as from simulation departments were invited in both companies. This was done for two particular reasons.
Firstly, the framework was intended especially to support the collaboration between design and simulation departments.
Secondly, insights from inexperienced simulation users, usually from the design department, as well as simulation experts coming from the simulation departments could be taken into account in this way.
Regarding their prior knowledge, the two companies had different starting points. Most participants from company B (a simulation department manager, a process manager, a simulation expert, and a design engineer) were informed about the framework concept, but had not yet had deeper insights into its contents and application to an actual development process and to specific simulation methods. In company A on the contrary (an innovation department manager, an innovation manager, and a two production experts), only one of the participants (the department manager) had been in touch with the framework and its contents prior to the workshop.
All of the participants had multiple years of work experience in the field of simulationassisted product design.
Workshop Procedure
Both workshops were started by introducing the concept of the framework. Therefore, it was of particular interest to transmit the idea of the user interface with its relation to the toolkit of methods. Furthermore, the division of the toolkit into different levels, as well as the subdivision of these levels into categories was outlined.
It was essential to point out to the participants that the workshop was not about the implementation of the framework. Therefore, before examples from the framework were shown, an oral explanation (workshop A) or a few short video clips (workshop B), which demonstrated a possible web interface for the framework, were presented.
This was done in order for the participants to get an idea what the final system might look like and how they would interact with it as well as to explain that no final software prototype was to be evaluated. For the rest of the workshop, the participants worked with the media elements shown in Figure 3 . To give them first-hand insights, some examples were presented until all participants had a basic notion of the framework concept, especially about the division of the framework into user interface, toolkit of methods, and knowledge base as well as the three levels of the toolkit. 1. Overview on a flip-chart
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Step 4 Step (Figure 3 , step 1). Further information for each method was provided in tables that were printed on paper sheets ( Figure 3 , step 2). Based on the different methods contained in the overview and specified in the tables, the participants were asked to identify methods within their process model that was shown on a poster (Figure 3 , step 3, marked in red dashed boxes). To give the participants a more realistic idea of the methods, files from the knowledge base were provided on a computer that could be examined by the participants and was supposed to demonstrate how the participants may benefit from the available resources contained in the framework ( Figure  3 , step 4).
For workshop A, for which no documentation of a company process existed, the participants first had to collect a process sequence with all its steps and aspects. Based on this information, they were asked to identify possible tasks, where methods from the exemplary framework contents shown in Table 1 may be applied.
Contrary to that, workshop B was based on a previously documented process description in form of a BPMN diagram (Business Process Model Notation, schematically depicted in Figure 4 ). First, the participants were asked to go through each step and either identify the company-specific methods they normally apply or look for methods from the toolkit that could be used. After all methods according to the process steps had been gathered, the participants worked on filling the framework with best-practice experience. This included the recording of pros and cons of a respective company-specific method and the steps necessary to perform it (dashed arrows in Figure 4 ).
Figure 4 Basic procedure of identifying the methods along the process Questionnaire
To take note of individual experience, a questionnaire was given to each participant at the end of both workshops. In this questionnaire, the participants were asked to rate different statements with five possible answers, representing their level of agreement with that statement (see Figure 5 ).
All statements were supposed to be answered with one out of five choices, ranging from complete agreement over neither agreement nor disagreement to complete disagreement. The only exception was statement 17 that was supposed to be answered with merely yes or no. All questions that are followed by a line had the possibility for individual answers. Figure 5 Possible answers of the questionnaire that were handed out to the participants in both workshops
I agree

□
I tend to agree
□
I neither disagree nor agree
As shown in the box below, the questionnaire is divided into three different categories: feedback on the structure (I.), feedback on the application to an example process (II.), and feedback on the benefits and objectives of the toolkit of methods (III.).
In the various statements, the participants were confronted with both general aspects about the necessity of a knowledge-based system as well as specific aspects regarding the first impressions and application of the framework and the toolkit of methods by the participants. Additionally, some questions left room for individual answers and feedback. The first category was meant to capture how the concept of the framework and especially the division of the toolkit into different levels was perceived by the participants. A particular interest lay in finding out if the structure is easily comprehensible and how the participants would rate benefits of using it. Furthermore, the participants were given the chance to leave their personal comments about the division, so that they could cross out or add categories they would have found useful. The first section was finished by asking the participants how the structure could be improved.
In the second section, the experience of the participants in applying the toolkit to an actual example process was captured. Here again, a particular focus was on the comprehensibility and benefits they experienced during the application. Finally, the participants were given the chance for individual answers on improvements regarding the application.
The last category was meant to supply deeper insights into the company perspective on the framework and knowledge management in general. Therefore, the questionnaire asked for the importance of knowledge management and previously implemented knowledge management systems in the company. Furthermore, it was intended to get first impressions on how realistic an implementation of the toolkit within the respective company was. The last two questions provided room for overall positive or negative points on the toolkit.
After explaining the intentions behind the workshop and specifically the questionnaire, the following sections present the specific results from the evaluation.
I. Feedback on the structure:
1. The division of the framework in user interface and toolkit of methods is comprehensible. 2. The division of the framework in user interface and toolkit of methods is beneficial. 3. The user interface is comprehensible. 4. The user interface is beneficial for getting an overview of the contents of the toolkit of methods. 5. All columns of the user interface are beneficial.
Please cross out or add columns in case you disagreed with this statement. Goal of the simulation element Procedure 6. The division of the toolkit of methods into three levels (general level, application-specific level, and project-specific level) is comprehensible. 7. The division of the toolkit of methods into three levels (general level, application-specific level, and project-specific level) is beneficial. 8. All columns on each level are necessary.
Please cross out or add in case you disagreed What are the foundations of the method? Objectives Name Definition Procedure during method application Related documents
What is the knowledge about the method application?
Pros
Cons Limits Hints for its application Linked files in the Knowledge Base 9. The division of the levels into various categories (foundations, objectives, and knowledge) is comprehensible. 10. The division of the levels into various categories (foundations, objectives, and knowledge) is beneficial. What are your improvement advices on the structure of the toolkit of methods?
II. Feedback on the application on an example process:
11. The toolkit of methods is generally applicable to an example. 12. The methods in the toolkit of methods can be easily found. 13. The application of the toolkit of methods leads to beneficial results. 14. The toolkit of methods helps in applying new methods correctly. 15. The toolkit of methods helps with the integration of simulation within product development How can the application of the toolkit of methods be generally improved?
III. Feedback on the benefits and objectives of the toolkit of methods:
16. There is a demand for knowledge management in my company. 17. There is a comparable system to the toolkit of methods in my company.
If so, please explain briefly. __________________________________ 18. The documentation of the methods is important and reasonable. 19. The documentation of the methods with the toolkit of methods is beneficial. 20. The implementation of the toolkit of methods in my company would be reasonable. 21. The implementation of the toolkit of methods in my company is realistic. How would you evaluate the toolkit of methods as a whole? What did you find particularly positive? What did you find particularly negative?
Evaluation Results
In both workshops, a total number of seven people filled out a questionnaire, out of which three people participated in workshop A and four people participated in workshop B. At first, this section will jointly discuss the two workshops with respect to the feedback on the different components and scenarios. Subsequently, it will go into the specific details of each workshop separately.
In order to perform the evaluation mathematically, we used the following equivalent point system from 1 to 5: 1 -I disagree / Yes, 2 -I tend to disagree, 3 -I neither agree nor disagree, 4 -I tend to agree, 5 -I agree / No.
The questionnaire did explicitly not use a finer granulated Likert scale (e.g. a 7-point system), since the number of participants (n=7) was comparably low. By using a 5-point system it was ensured that the number of possible answers was at least lower than the number of participants. (Likert, 1932) . Figure 6 gives the results from the questionnaire for four exemplary questions from all three sections. The orange line marks the division between participants of workshop A (participants 1 to 3) and participants from workshop B (participants 4 to 7). The first and second graph (marked a) and b) in Figure 6 ) only include two people from workshop A rather than three, since one participant did not put a cross to rate the respective statement and therefore left no data to be evaluated. c) The documentation of methods with the toolkit of methods is beneficial. d) The division of the toolkit of methods in three levels is beneficial a) The user interface is beneficial for getting an overview of the contents of the toolkit of methods.
Overview
I neither agree nor disagree
User Interface
In the questionnaire, the great majority agreed that the user interface is beneficial and helps in getting an overview of the contents of the toolkit of methods (see Figure 6a) . Regarding the comprehensibility, slightly more than half of the participants found that the user interface is comprehensible. Following up on this finding, more than two thirds of the participants found the division of the user interface beneficial, whereas slightly less than half found that all columns of the division of the user interface were actually beneficial for its usage.
Overall, the user interface was agreed to be comprehensible and beneficial. Only regarding the references, some participants wished to have additional, more general goals that in their view would help find methods in the toolkit more easily.
Toolkit of Methods
Regarding the toolkit of methods, the great majority agreed that the division into three different levels is beneficial (see Figure 6c) . Additionally, the majority of the participants at least tended to agree that the division of the toolkit of methods and its subdivision are comprehensible and specifically beneficial for the documentation of methods (see Figure  6b ). With respect to its applications, the opinions were quite diverse. Whereas most participants agreed that the toolkit of methods helps in applying new simulation methods correctly (see Figure 6d ), slightly less than half agreed that methods could easily be found in the toolkit of methods. In contrast to the majority agreeing that the division of the toolkit of methods is beneficial, only few of the participants agreed that the application of the toolkit of methods leads to beneficial results. Furthermore, only a few agreed that the toolkit of methods helps with the integration of new simulation methods in the product development process.
In general, however, the toolkit of methods was agreed to be comprehensible and beneficial. Only concerning its application, the participants responded with less agreement. Especially the integration into the development process was regarded specifically beneficial by most participants. A possible explanation for this fact might be that the workshop only presented the concept in form of printed tables. Therefore, the integration into the development process that would be performed in form of an IT system is yet a completely different story.
Benefits and Objectives
The two strongest statements, which all participants agreed upon, were that in both companies, there indeed is a demand for knowledge management and that documentation of the available simulation methods is both important and reasonable. Furthermore, nearly all participants agreed that no comparable system to the toolkit of methods exists in their company or is at least not known to them. Merely one participant mentioned guidelines for the simulation department and checklists.
The strong agreement on the objectives and benefits of the framework underlines that there definitely is a strong demand for improved knowledge management in industry. The only comparable solutions mentioned were checklists and guidelines, which are not able to fulfill both the needs for expert users as well as inexperienced users, nor provide a holistic solution including various departments. Figure 7 shows the median answers of all participants as well as their mean deviation from that median. It clearly sticks out that with the exception of participants 1 and 7, all participants tended to agree to most statements. Furthermore, most participants stayed entirely within the range of agreeing answers and gave no clearly disagreeing answers to most statements.
Figure 7 Median and upper and lower bound of the mean deviation from the median over all statements for each participant.
In order to calculate the mean deviation from the median we used the formula
, where represents the different point equivalents to the answers given by the participants, is the median value over all answers of the participant and the total number of statements the participant answered.
Separate Considerations for Workshop A and Workshop B
In workshop A, the tendencies of the answers were a bit more diverse. Furthermore, six total statements were rated by at least one participant with disagreement, whereas there were only two in workshop B (see Figure 8 ).
To some extent, this might have been due to the fact that only three people participated in workshop A and the workshops included people that seemed to be less open to the idea in general. Particularly one participant seemed to disagree on many statements, along with leaving almost half of the boxes blank (participant 1 in Figure 7) . Nonetheless, for some questions tendencies were also quite diverse in workshop B as shown in Figure 6a , but were overall less frequent. As opposed to workshop B, a lot less individual feedback was given in workshop A. In workshop B, most participants had already heard about the framework concept and due to an available process model, the application of the framework consisted of extracting simulation methods from their development process and transferring them to the framework. A significant part of workshop A was spent on documenting the process that was then used to identify sections where simulation methods of the exemplarily filled framework could appear. 
Figure 8 Median and Min/Max value for each statement for both workshops separately
Some of the more negative results from workshop A may be explained by the different workshop format. Due to the absence of a documented process model, a lot less time could actually be spent on applying the toolkit of methods as the participants from company A did not work on filling the framework with their own simulation contents. Furthermore, the application that was done was a lot less specific to the company, since they worked with the present contents of the toolkit of methods, rather than filling it with their own methods in most cases. Consequently, the results achieved in the workshop with company A were less specific to their own process and did not include the step of identifying own simulation methods along the process and transferring them into the framework. Therefore, their impression on the application was far less concrete than in workshop B. This might also explain the fact that none of the participants of workshop A agreed that an implementation of the toolkit of methods in his or her company is reasonable, whereas in workshop B most participants did agree. Furthermore, it underlined how important process knowledge is for the application of our method. In workshop B, most participants answered all questions and gave constructive individual feedback on what they thought was still missing or could be improved. For example, several participants wished the toolbox had more general goals or keywords that seemed to be more tailored for an inexperienced user. Most of the participants agreed that an implementation of the toolkit of methods in their company would be reasonable, although only one out of four agreed that an implementation is somewhat realistic. Some comment included that for making such a decision, a cost estimate would be necessary.
The differences in answers in the questionnaire relates to the very different behaviour of the participants in the two workshops. The distance to the actual application of simulations methods in their daily working routines of the participants of workshop A was greater by far than to those of the participants in workshop B. Furthermore, the maturity level of software assistance in company A is higher than in company B, which also lowers the potential benefits of introducing such a system. Figure 9 shows an extract of the documented process from workshop B in form of a model in Business Process Model Notation (BPMN). The legend gives an overview over the different elements, as well as the departments that correspond to the respective box coloring. The red dashed boxes mark methods from the toolkit that were identified within the respective process step, whereas the numbers next to the boxes mark the index of the method depicted in Table 1 . As Figure 9 demonstrates, several methods from the framework were found in the documented process model, some even appearing several times throughout the process flow. Additionally, the participants were able to identify a method from their own process step called "Comparison Calculation and Test" that was then integrated into the toolkit of methods. Table 1 (depicted numbers refer to the indices in Table 1) This different perspective in both workshops also roots from the level of cooperation prior to the workshop. Whereas there was an intense collaboration with the industry partner of workshop B that included monthly meetings and two publications Carro et al. 2016) , the evaluation workshop was the first meeting with the industry partner of workshop A in the last two years. As a result, one of the participants in workshop B, who is in the position of a department manager, was familiar with the toolkit and its development and acted as a moderator in some phases of the workshop. It can be concluded from this example that such an abstract topic needs profound knowledge and familiarity with the corresponding tool to use its potential.
Figure 9 Documented process with identified elements from the User Interface presented in
The two workshops also cannot be seen as entirely independent. Workshop A proved the necessity for a deeper understanding of the framework and its concept. As a result, the introductory part was lengthened and intensified in workshop B. In combination with the higher familiarity with the topic of the industry partner of workshop B, the focus of the participants of the workshop was more on the actual topic -the concept of the toolkit of methods -and less on technical issues like implementability. Therefore, the authors believe the results of workshop B to be more profound and meaningful -regardless of their being more positive. 
Conclusion
Most participants found that the toolkit of methods is both beneficial and comprehensible, although some of them did not believe it would improve the integration of simulation methods in the development process. This contradiction may be partly explained by the fact that no IT framework existed so far. Therefore, the general concept may have seemed more beneficial to them, whereas everything more closely related to applying the framework in the company, seemed far less beneficial in the absence of a real interface.
Regarding the initial question, both workshops showed that the framework concept is understandable in a short workshop. Nonetheless, the differences in the results between the two companies demonstrated how important prior process knowledge is in order to introduce the framework and transmit a more realistic experience of applying it in the company.
Therefore, especially workshop A showed that it is important to have a higher involvement in the project before the evaluation in order not to waste time on first documenting a process. One possibility to do so is to directly involve one of the industrial participants to be the moderator.
Furthermore, it could be beneficial to provide information material beforehand. Therefore, participants would start the workshop with prior knowledge about the framework concept, which might be beneficial. All these measures aim towards spending less time on explaining the toolbox and documenting processes and more time in the workshop on working with the actual toolbox.
Lastly, it could be important to tailor the workshops more to the needs of each participant. For that reason, it could be beneficial to gather information about each participant and put a focus on specific topic. For example, if a person from the manufacturing department is involved, it might be beneficial to put an emphasis on processes and methods related to manufacturing.
Especially when considering that most issues in the workshop were of formal nature, however, the results can be viewed as very positive and proof that it is worth continuing with further research on the concept. This encourages to continue the work on this holistic framework as it goes a step further than the current knowledge management and simulation management systems available on the market and discussed in the state of the art at the beginning of this paper.
Further Work
Individual feedback showed that the participants wished to have goals in the user interface that are more general. Therefore, the research group intends to thoroughly analyze and revise all goals in the user interface again, before moving on with further extensions and evaluations of the framework with its current exemplary contents.
After the positive resonance on the concept, the most important milestone of the future is the integration of the toolkit of methods into a web-interface. It would then be possible to start further evaluations, even with company-specific interfaces. A prerequisite for that, however, is an implantation concept that includes briefings of users as the workshop results show that those with the most knowledge about the context are those that profit the most from the framework. By also briefing non-experts, expert knowledge and methods can be shared via the framework and its IT equivalent. At this stage, the toolkit would be advanced enough to integrate it into an actual development process. Therefore, it would be possible to evaluate the integration of actual methods from the development process, as in workshop B, but on a far broader level. Furthermore, it would be possible to evaluate how it can help to support and document along the development process and how well the framework is integrated into the process structure. An additional aspect for evaluation then is also the usability of the web interface. The evaluation results could then serve as a basis for realizing the system in a software solution that is ready to be applied in an industrial environment or sold as part of a commercial solution.
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Introduction
As Baets describes (Baets, 2009) , "knowledge is the potential of an individual to enact innovation." Knowledge assets in a corporate context normally include processes, technologies, people, and many other aspects (see Figure 1) . All knowledge can be classified according to its complexity on a continuum from explicit to tacit. Michael Polanyi (Polanyi, 1966) identified the distinction between two types of knowledge: Explicit knowledge (sometimes referred to as formal knowledge) can be articulated in language and transmitted among individuals; Tacit knowledge (also, informal knowledge) is personal knowledge that roots in individual experience and involves intangible factors, such as personal belief, instinct and values. Regarding the role of knowledge in any business organizations, tacit knowledge is often viewed as the real key to getting things done and creating new value. While tacit knowledge potentially can represent great value to any organization, it is, by its very nature, far more difficult to capture and diffuse.
The term of knowledge-intensive companies (Alvesson, 1995; Starbuck, 1992) refers to those where most work is said to be of an intellectual nature and where well-educated, qualified employees form the major part of the workforce (Alvesson, 2000) . Typical examples of knowledge-intensive firms include management, engineering and computer consultancy companies, design agencies, research and development units and high-tech companies. High knowledge intensity within certain industries means that advances take place at such speed that cutting edge knowledge is rendered outdated within a short period. Now the life cycles of technologies and innovations are even shortening. In semiconductor industry, where time spans relevant to the development of smaller and faster chips are typically counted in a year (Moore's Law). The demand for chips is directly related to the demand for electronics products by the end consumer and is, hence, extremely sensitive to market fluctuations and often unpredictable. Popular products such as iPhone, etc. may lead to an almost explosive demand for the most advanced equipment in chip manufacturing. In this paper, we select a company who designs, manufactures and produces lithography systems as example to examine how its knowledge sharing through social media during its complex product design process actually helps itself in maintaining its competitive advantage.
Figure 1 Knowledge assets in a corporate
Knowledge Management in a Hi-Tech Organization
The development, production and even marketing of any semiconductor manufacturing equipments are extremely complex and highly knowledge-intensive. For the company in this case study (it is called Company A in the following sections), it is well aware that the access to and/or the ability to share existing knowledge and create new knowledge has become a major source of competitive advantage (Teece, 2000; Nonaka et al., 2000; Brännback & Carsrud, 2002) . Knowledge management (KM) is one of the keys of its success because of the growing importance of knowledge and becomes a new challenge in current dynamic business environment. It has managed to be a people-oriented and knowledge-intensive organization from the beginning.
The company studied has several thousand employees. Most of employees have a scientific or technical background and the educational level is, as a whole, quite high (university and college graduate). The average age of its employees is 33. Its organization structure is shown in Figure 2 . In this company, knowledge exists in different business units or departments in different forms. In the development and engineering department, knowledge is regarded as the know-how of the research and engineering (software, mechanical and electrical) processes. In the marketing department of the business support unit, the market trends and size of semiconductor industry are the important knowledge to implement correct marketing strategy. In the legal department, the patents owned by the company and its competitors, and the law of intellectual properties are relevant knowledge. In short, different forms of knowledge exist and are growing, which contributes to every aspect of the business. How to effectively manage and share these knowledges presents a big challenge in terms of KM. 
Center of Excellence
The Need of Knowledgement Management for Company A
A common definition of KM is "the collection of processes that govern the creation, dissemination and leveraging of knowledge to fulfill organizational objectives" (Lee and Yang, 2000) . Davenport and Prusak (2000) define KM as: "to identify, manage, and value items that the organization knows or could know, including skills and experience of people, archives, documents, relations with clients, suppliers and other persons and materials, often contained in electronic databases." Walter Baets defines KM as:
1. "Support of the networked act of 'cognizing' of the actors (employees, clients, …); 2. Manage the empty spaces between functionalities (creativity resides in those empty spaces)." Ann Macintosh (Macintosh, 1997) has identified several business factors that create demands on KM, including marketplaces, the reduction and mobility of work force and the change of corporate strategy. In Company A, those factors become even more apparent:
• The semiconductor industry and lithography equipment markets are extremely competitive and the rate of innovation is rising.
• After the burst of the Internet bubble, competitive pressures and financial constraints force Company A to reduce the size of the work force that holds valuable business knowledge. Company A has reduced the numbers of pay-roll employees through using contractors. Increasing mobility of the work force definitely leads to the loss of knowledge. Reductions in staffing create a need to replace informal knowledge with formal methods.
• The amount of time available to experience and acquire knowledge has diminished. The research and development cycle in Company A is forced to become shorter. Its customers often require shorter lead time.
• There is a need to manage increasing complexity in business operation process.
• Changes in strategic direction may result in the loss of knowledge in a specific area.
Figure 3 Knowledge management as processes
In addition, other factors also have created the needs for KM in Company A.
• Modern organizations, especially high-tech industry, compete on the basis of knowledge. Most of the work in Company A is information based.
• Products in Company A become increasingly complex, endowing them with a significant information component.
• The need for life-long learning for employees become inevitable. These aspects are embedded in different processes of KM (see Figure 3) . In Company A, many aspects can be easily recognized, which include identifying and mapping intellectual assets, generating new knowledge of designing lithography system for competitive advantage, making vast amounts of corporate information accessible, sharing of best engineering practices, and implementing technology that enables all of the above, including groupware and intranets.
Figure 4 Standard knowledge infrastructure
The current situation of KM in Company A was analyzed from four aspects of the standard knowledge infrastructure that is shown in Figure 4 . It is recognized that the management team within the company indeed is aware of the importance of the knowledge ownership. Knowledge is remained with employees who need and use it. For particular knowledge, engineers or business professionals decide what to learn and keep. In company A, there is a culture of learning. Management team encourages learning and exchanging knowledge within the organization. There is also an ICT infrastructure that includes intranet, database to provide a KM platform. The problem with this infrastructure in company A is that it is technology driven rather than content driven. A lot of standard technologies are used without being customized to meet its special needs. And the existing platform is effective for managing explicit knowledge only. Explicit knowledge here, which includes engineering guidelines, marketing brochure and etc, is organized and stored in the database for employee's usage. However, there is no effective means to deliver and share tacit knowledge that is pervasive within the company. In addition, because huge amount of information and documents exist, employees often encounter difficulties in searching and retrieve desired information. Hence, in the following sections, the existing problems are discussed in details and several tools and techniques are proposed to tackle those issues.
Social Software for Knowledge Exchange and Sharing
Knowledge-intensive firms like Company A need to share knowledge held by employees for triggering more innovation and engoucraging enhanced creativity in order to gain the most from their intellectual capital and compete effectively in the marketplace. There is growing recognition that sharing/transferring knowledge is essentially a social activity,
Learning platform Content
Ownership (search/learn principles)
Culture that knowledge has a social life and therefore operates often beyond formal organizational structures. The current KM system in Company A cannot meet this need because efforts were focused on the creation of central knowledge repositories, encouraging knowledge reuse and collaboration based on these repositories in a typical top-down approach where knowledge was seen as a separate entity.
Until recently, the growing phenomenon of Social Software offers a good chance to complement this traditional approach with tools that are simpler and more flexible. Social Software uses computing tools to support, extend, or derive added value from social activity. Sharing and integrating knowledge within an organization can benefit greatly from social activities through those social softwares. Social Software provides the necessary support for such conversations and collaborations, for knowledge creation, sharing and publication, for identifying experts and getting access to expert opinions worldwide. It leaves the control of knowledge with the individuals owning it. Each individual is able to maintain his own space for which he has complete control over the information/knowledge he chooses to share. This creates a bottom-up style of information sharing and collaboration, rather than an imposed or corporate topdown strategy (Fisher 2005 ).
There are several categories of Social Software (Boyd 2003) , in which three kinds (weblogs, Wikis and social networking) are more relevant in connection with the core KM activities in Company A:
• Weblogs A weblog or simply a blog is a web application enabling periodic posts on a common webpage with public access. These posts are usually in reverse chronological order. Unlike an official web site, a weblog is highly subjective, reflecting the thoughts, opinions and preferences of its author(s 
Storytelling for Transferring Tactic knowledge
It is generally acknowledged that knowledge, particularly tactic knowledge is not similar to information. Information can be canned into databases, papers, lists, guidelines. However, knowledge stays embodied, which means that experiences, insights, memories and judgments cannot be easily extracted from the bearer. Thus, most knowledge is uncodifiable, only pertinent at a given moment in time and often remains tacit. This presents organizations or corporates with a major challenge.
KM is essentially a teaching-learning interaction. Research indicates that the brain works by detecting patterns in information. "One of the brain's best tricks is to extract meaningful patterns from confusion" (Liston, 1994) . As one of the most prevailing forms of communication, storytelling is useful in the teaching-learning interaction and it possesses great potentials as a teaching-learning tool. Storytelling, as a tool to share knowledge within business organizations -especially when attempting to share tacit knowledge, is increasingly being recognized and deliberately used recently.
Current organizational communications in Company A are somewhat dry and lacking in inspiration. At the same time, tactic knowledge in Company A exists everywhere from research, development, engineering to production, marketing and sales. Tacit knowledge is regarded as "knowledge that we do not know that we know" (Hughes, 2002) . Most of time, it is difficult to convey, and to acquire in Company A. The common way to acquire it is from those employees who have seniority and who have been with the company or in the lithography business for certain period.
"Storytelling is a way of capturing what is unique, and what is unique per individual is tacit knowledge" (Post, 2002) . Storytelling is the right way of getting tacit knowledge out in Company A so others or inexperienced employees can use it and refer to it. Stories serve as metaphors because they make information more meaningful and understandable. Stories transfer the difficult-to-uncover tacit knowledge within Company A by appealing to the natural learning process of the brain. Stories of experiences during development or marketing, trials and errors during maintenance of the equipments, for example, would likely benefit young engineers or junior business professionals who have not had much opportunity to acquire tacit knowledge.
The final question is how to implement storytelling as a KM tool. Based on the suggestions from Reamy (Reamy, 2002) , stories can be used in several ways in 
Implementation of an Integrated KM system
In previous sections, issues in KM and tools and methods as solutions are discussed, including using social software to boost communications, using story telling to effectively transfer (tactic) knowledge.
In order to effectively and efficiently developing, transferring and applying important technical and business knowledge within Copmany A, a complete and integrated KM system that consists of all indispensable components is desirable. A proposed architecture of the KM system based on the example of OrganiK (Bibikas, 2008 ) is illustrated in Figure  5 , which integrates different components mentioned above. As seen in the Client Interface Layer, the collaborative workspace is offered to employees, which comprises a wiki, a blog, a social bookmarking tool and a search interface. Every client interface corresponds to a server-side component in the Component Interface Layer of the architecture. The server-side building blocks include a recommender system, a semantic text analyzer, a collaborative filtering engine and a full-text indexer. They all locate at the Business Logic Layer. The Metadata Layer refers to repositories used for the persistence of syntactic and semantic metadata that support the functionality of all server-side components. The Data sources and Back-Office Integration Layer are business information systems and any form of resource container that Company A may depend on for its daily operations.
Figure 5 Integration of heterogeneous data sources in a knowledge architecture
The functionality of the main components in the component layer of the proposed architecture is envisaged as follows:
• The Wiki Component is a web-based authoring tool allowing engineers and business professionals to collaboratively create, edit, and share knowledge artifacts such as documents, diagrams, and etc. The function blocks in the function layer are supported by the business logic layer that includes the following parts:
• The Recommender System focuses on the suggestion of tags and classifications for content added to the system (e.g. wiki entries, bookmarked documents, blog comments, etc.), and the suggestion of information items relevant to the search query or feed subscription of a user.
• The Semantic Text Analyzer uses linguistic and statistical processing functions to
analyze the textual content of knowledge artifacts added to the system, in order to perform named entity recognition and term classification. The goal is to identify concepts of interest and establish relationships among resources that can be subsequently used by the Recommender System for suggesting tags and classifications with respect to a taxonomy.
• The Collaborative Filtering Engine enables individual employees to benefit from the collective experience built within groups of peers. An analysis of subjective views that are explicitly or implicitly expressed by other knowledge employees can assist in the selection and recommendation of resources, as well as influence the ranking of search results.
• The Full Text Indexer is an indispensable component of the architecture's Business
Logic Layer and complements the content retrieval techniques proposed.
Successful release and implementation of such proposed architecture within Company A also relies on the input of required content, including information, documents and materials that are relevant to its business operation. These materials can be in form of text, diagram and audio-video. Related stories will be particularly suggested because they allow employees to express and share (tacit) knowledge in rich and meaningful ways, instead of being forced to articulate it in more "structured" ways that can detract from its value. This proposed architecture of KM system has been implemented within Company A and positive feedbacks were received from employees of different business units.
Conclusion
In brief, knowledge and information have become the medium in which business problems occur. Currently, the nature of business in semiconductor industry has changed in at least two ways:
• Knowledge work is fundamentally different in character from physical labour.
• The knowledge worker in Company A is almost completely immersed in a computing environment. This new reality dramatically alters the methods by which its worker can manage, learn, represent knowledge, interact, solve problems, and act.
As a knowledge-intensive company, Company A is characterized as such that a highly educated workforce engages in mainly intellectual work. As a result, managing knowledge effectively for Company A represents the primary opportunity for achieving substantial savings, significant improvements in human performance, and competitive advantage. To implement an effective KM system, a customized architecture is proposed to integrate different social media tools and methods (e.g. Wikis, and blog) that collect, store, categorize, present business and engineer information and knowledge. A suggested method -storytelling is used to engage, involve and inspire employees, represent tactic content in a more authentic and narrative form. All these efforts and approaches will greatly benefit Company A for operating its business successfully.
